The changing climate has raised significant concerns for water resources, especially on a watershed scale. In this study, the downscaled global circulation model (GCM) products were further bias with greatest increases in April and greatest decreases in June; (4) 20 days' earlier shift in annual peak flow -as indicated by the date of winter-spring center of volume -by the end of the century.
INTRODUCTION
Global water circulation makes atmosphere and hydrology closely interact with fluxes of water and energy, which has immediate and long-term effects on water systems. Precipitation and temperature -two principal meteorological drivers of surface hydrology -significantly affect the volume and timing of streamflow (Sagarika et al. a, b) . The increasing temperatures directly change the atmospheric moisture, precipitation, evapotranspiration, and subsequently the whole hydrologic system (IPCC , ). Especially in snow-dominated areas, temperatures determine precipitation format and snow processes, the change of which would result in a snowmelt timing shift (Barnett et al. ; Stewart et al. ) . Additionally, precipitation primarily determines the total water received from the atmospheric system and thus results in local water resources volume changes as well as its spatiotemporal patterns (Nijssen et al. ) . Studies have suggested that hydrologic processes are directly determined by meteor- The Lehman Creek watershed, the study area in this study, is one of the critical water sources for local irrigation and for water recharge to the basin-fill aquifer in Snake Valley. Facing increasing water demand from population, business, and tourists, the groundwater in Snake Valley is one of the potential supplies for Las Vegas Valley. Thus, in this study, a further bias correction on the downscaled CMIP5 was performed using QM method to acquire better understanding of future climate changes (i.e., precipitation and temperatures). Then, corresponding hydrologic changes were simulated by driving a calibrated hydrologic Precipi- 2,087.88 m), which was required for the hydrologic modeling using PRMS (Chen et al. ) .
Climate change data using down-scaled CMIP5
The products of simulations for four Representative Concentration Pathways (RCP 2.6, 4.5, 6.0, and 8.5) from global 
METHOD
The work was divided into two major components as follows:
1. CMIP5 data was bias corrected to a station scale. Three 
QM bias correction technique
The bias-correction technique that was applied in this study was a merged QM method ( In this study, modifications were made on the basis of previous bias-correction studies (Ines & Hansen ) .
QM technique was applied to daily values to correct the biases in 12-km precipitation and temperature (T max and T min ) relative to an individual station, and it was performed for all 67 GCM projections from four climate change scenarios archived in CMIP5 multiple-model dataset (Maurer ) . The QM technique was based on cumulative distribution functions (CDF) that were constructed from daily modeled and observed datasets. The differences between the two quantile maps on the same referenced period were used to bias-correct the simulated projections of climate change for future periods. Especially, the drizzle effect, the probability of little precipitation in model results is greater than that in the observations (Gutowski et al. ) , was resolved by a setup of 'zero precipitation' thresholds.
Values below the probability of the thresholds were 
Validation of QM bias correction
The QM bias-correction method was validated during the time period of January 1, 2011 to December 31, 2016, which is beyond the period of 1981-2010 used for biascorrection procedure. Bias-corrected variables of Prcp, T max , and T min were compared between bias-correction results and the observations from the PRISM data. These PRISM data were from the same source as the data used for the bias correction, which were point-interpolated values from the 4-km grid where the Great Basin NP station was located.
Hydrologic modeling
The Precipitation-Runoff Modeling System described by 
RESULTS
Great consistencies were found in mean monthly values of Prcp, T max , and T min , when comparing the PRISM dataset and historical records. In terms of daily mean and monthly mean values, differences between PRISM dataset and historical records were both below 5% and no pattern was found. Regarding variance and standard deviation, as expected, the PRISM dataset showed higher levels than the historical records. Specifically, the basic statistics of precipitation were calculated on both daily and mean monthly scales as shown in Table 1 . Regarding the daily precipitation, mean values from the bias-corrected CMIP5 data were all 1.0 mm/d for all 
Hydrologic modeling
The streamflow simulations, driven by bias-corrected CMIP5, were analyzed using the differences in the future periods (Period 1, Period 2, and Period 3) compared to the baseline period , for each of the emission scenarios. The annual streamflow, mean monthly streamflow, and mean winter-spring center of volume (WSCV) were used for the comparisons. Max.: maximum; Min: minimum; SD: standard deviation.
Periodic variation
As shown in Figure 4 increases in streamflow changes, especially during January to April, were observed ( Figure 5 ).
Timing shift
The changes in WSCV dates indicate timing differences of occurrence of winter-spring streamflow ( Figure 6 ). Positive 
DISCUSSION
Prior to applying a bias-correction method or other similar statistical transformations, it is important to understand the limitations or assumptions of the method. All statistical downscaling techniques rely on the assumption of stationarity. In this study, the differences between CMIP5 products and observations were considered stationary throughout the bias-correction period, which meant that past correlations also were retained in the future. However, it is likely that this assumption may not hold for the observed variables of interest (e.g., precipitation or temperature) especially in the case of extreme events (Gudmundsson et al. ) . Compared to the QM statistical downscaling/ bias-correction method, dynamic downscaling technique The bias-corrected climate change data were forced to drive the hydrologic model, PRMS, which was calibrated using PRISM data. The changes in annual streamflow responses resulted in an increasing trend from À2.0% to 13.3% during Period 1 to 6.3% to 16.3% in Period 3 for the various emission scenarios. The variation among the emission scenarios was not consistent with the emission levels, which showed a decrease in RCP 4.5 and RCP 6.0
and an increase in RCP 2.6 and RCP 8.5 during the first study period. This pattern also could be found for precipitation, and could be a potential cause for the streamflow changes. As climate change continued during the three time periods, the signals of a warming climate were so strong that, by the end of the 21st century, they would offset the signal differences in Period 1. The greatest streamflow decreases occurred in June (À3.9 to À58.2%), July (À18.0 to À58.1%), and August (À15.2 to À43.6%). During late winter, the greatest increase in streamflow could be greater than 100% due to an early snowmelt resulting from the increased temperature. An overall increase in precipitation was derived from the bias-corrected CMIP5 data with seasonal patterns (higher during spring and fall and lower during summer and winter). This pattern was com- The approaches employed in this study provided a solid foundation. The implementation of QM for downscaling climate change products has been recognized by other researchers as a valid method to minimize errors originating from differences in spatial resolution and modeling approach. Besides, by using a physically based parameter-distributed hydrologic model, the snow process was modeled with a two-layer and detailed simulation of energy and water balance. Consequently, the modeling results were more reliable, especially in a snow-dominant area. Finally, simulation of the streamflow responses to climate change, with regard to rates and timing, provided useful information when evaluating the water resource alterations and corresponding strategies for adaptive water management.
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